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(54) Metered dose inhaler 

(57) The present invention provides a metered dose 
inhaler (10) including an ejection mechanism (14) with 
at least one chamber (42) for containing a medicament 
(38). The ejection mechanism (1 4) is configuredto effect 
controlled ejection of the medicament (38) from the 



chamber (42). The inhaler (10) further includes a con- 
troller (50) configured to send electronic signals to the 
ejection mechanism (14) to direct ejection of medica- 
ment (38) from such chamber (42), and configured to 
selectively alter dosage of the medicament (38) by se- 
lected changes in such electronic signal. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] Metered dose Inhalers provide a much -needed s 
drug-delivery method that allows patients to aspirate 
medication rather than swallow a pill, or drink or inject 
medication. In some cases, as with medications that di- 
rectly target the patient's lungs, aspiration enables the 
medicine to reach the target area more quickly. In addi- 
tion, aspiration is typically considered to be less painful 
than other drug-delivery methods. 
[0002] Known metered dose inhalers typically include 
a pressurized cartridge containing an inhalant mixed 
with an aerosol propellent or carrier. The user places the 
inhaler's mouthpiece in or over his mouth and/or nose 
and activates the inhaler, typically by mechanical open- 
ing of an atomizing valve. Activation of the inhaler thus 
releases a "puff" of the inhalant-propellant mixture, 
which the user then aspirates through his mouth and/or 
nose. 

[0003] The use of a pressurized cartridge can be 
problematic if the cartridge is ever breached. Because 
the contents of the cartridge are under pressure, a crack 
or break in the cartridge can lead to an unintended re- 
lease of the inhalant, possibly without the user's knowl- 
edge. This may increase costs to the patient, who may 
be forced to pay to replace lost medication, and can lead 
to unintentional dosing. This may be a significant con- 
cern as one use of inhalers is to allow patients to self- 
administer pain medications for which unintentional 
dosing may have serious consequences. 
[0004] Furthermore, in some cases, it may be unde- 
sirable to maintain the medication in an aerosol carrier, 
or to administer medication with a chemical propellant. 
Many metered dose inhalers use chlorofluorocarbons 
(CFCs) as their propellant. The CFCs are inhaled by the 
patient, and then quickly eliminated by the body and re- 
leased into the atmosphere. Due to environmental con- 
cerns raised by the use of CFCs, there have been recent 
governmental mandates to reduce and/or eliminate the 
use of CFCs in commercial products. Metered dose in- 
halers are one of the few products to have received a 
reprieve from these governmental mandates due to the 
lack of suitable replacements and the severity of the 
consequences if metered dose inhalers were to be re- 
moved from the market. Nevertheless, because a por- 
tion of each puff is propellant, the use of a propellant 
carrier may make dosage more inaccurate. For exam- 
ple, for medications requiring a very specific dosage, 
any variation in the ratio of propellant to medication may 
affect the efficacy of the medication. 
[0005] Moreover, it has been shown that maxim urn ef- 
fectiveness of pulmonary inhalation occurs over a rather 
limited range of droplet diametersizes. These maximum 
effective sizes typically are in a range of 5 to 8 microns. 
Known metered dose inhalers may produce a large 
range of droplet sizes within a single puff, including 
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droplets both above and below the ideal range. Those 
droplets that are too small are not retained by the lungs, 
and are instead exhaled out of the body. Likewise, those 
droplets that are too large are not absorbed by the lu ngs, 
and are also exhaled out of the body. 
[0006] Finally, known inhalers have been limited to a 
single dosage. Typically, the only way to alter the dos- 
age of a medication that is administered by an inhaler 
has been to either prescribe more than one "puff 1 , or to 
prescribe a different-sized inhaler. Either of these situ- 
ations may be undesirable, particularly if a patient wish- 
es to decrease dosage during a treatment regime, for 
example, due to unwanted side effects from the medi- 
cation. Thus, in some cases, it may be desirable to allow 
the patient to vary dosage (within a safe range). Alter- 
natively, or additionally, it may be desirable to allow the 
doctor or pharmacist to alter the dosage during the 
course of treatment, for example, to provide a loading 
dose, or to ramp-up or ramp-down the amount of med- 
ication administered during the treatment regime. 

SUMMARY OF THE INVENTION 

[0007] The present invention provides a metered 
dose inhaler including an ejection mechanism with at 
least one chamber for containing a medicament. The 
ejection mechanism is configured to effect controlled 
ejection of medicament from the chamber. The inhaler 
further includes a controller configured to send an elec- 
tronic signal to the ejection mechanism to direct ejection 
of medicament from the chamber, and configured to se- 
lectively alter dosage of the medicament by selected 
changes in such electronic signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] 

Fig. 1 is a side view of a metered dose inhaler ac- 
cording to one embodiment of the present inven- 
tion. 

Fig. 2 is a top view of the metered dose inhaler of 
Fig. 1. 

Fig. 3 is a somewhat schematic illustration of an 
ejection mechanism according to one embodiment 
of the invention. 

Fig. 4 is a block diagram of the metered dose inhaler 
of Fig. 1. 

Fig. 5 is a flow chart demonstrating a method of ad- 
ministering a medicament to a patient in accord- 
ance with one embodiment of the present invention. 
Fig. 6 is a flow chart illustrating methodology by 
which a dosage administered by a metered dose 
inhaler may be altered. 

Fig. 7 is a flow chart illustrating methodology by 
which a physician or pharmacist may regulate a 
dosage administered by a metered dose inhaler. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0009] One embodiment of the present invention is 
shown in side view and partial cut-away in Fig, 1 . Inhaler s 
1 0 includes a body 1 2 having an ejection mechanism 1 4 
in fluid communication with a medicament storage 
chamber 16. As will be appreciated upon reading fur- 
ther, ejection mechanism 1 4 may be configured to effect 
ejection of a selected dosage of medicament/inhalant 
from inhaler 10 in response to a signal sent by a con- 
troller (described below with reference to Fig. 4). Suita- 
ble medicaments include those typically found in liquid, 
solid, powder, paste or other forms. 
[0010] Focusing initially on ejection of the medica- 
ment, it is to be understood that ejection mechanism 14 
typically will include a vaporization region with one or 
more ejection chambers, each with an element config- 
ured to eject vaporized droplets of medicament in a 
manner described in greater detail with respect to Fig. 
3 below. As indicated, this region may define a plurality 
of orifices 18 which produce the vaporized, or atomized, 
droplets of medicament in an inhalant stream 20. 
[0011] Orifices 18 may feed into a mouthpiece 21, 
which may be placed in the patient's mouth in order to 
facilitate administration of the medicament to the patient 
in what is referred to herein as a dosing event. As will 
be appreciated, however, mouthpiece 21 may take al- 
ternative forms, including forms which may be adapted 
to fit over a patients mouth and/or nose. 
[001 2] Inhaler 1 0 may further include one or more us- 
er inputs which facilitate communication between the 
user and the inhaler's controller. This communication 
may include directives and/or information communicat- 
ed from the user to the controller, and vice versa. For 
example, activation input 22 may be configured to com- 
municate a directive from the user to the controller to 
initiate a dosing event. In the present invention, activa- 
tion input 22 takes the form of a depressible button, as 
shown in Fig. 1, but could take the form of a trigger, 
switch, touch-sensitive button, or the like. Activation in- 
put 22 is located on top of body 1 2, but it will be appre- 
ciated that such input may be positioned in virtually any 
other location convenient to the user. 
[0013] Another user input is shown at 24 in the form 
of dose size regulator 24, which may be used to modify 
or alter the dosage produced by the inhaler, as will be 
described in further detail below. For the purpose of the 
present disclosure, the inhaler's dosage shall be defined 
as the total volume of medicament/inhalant ejected by 
the inhaler during a single dosing event, e.g., the total 
amount of medication released over a period of time cor- 
responding to a single "puff' by the user. As will be ap- 
preciated, dosage, and the degree to which it may be 
varied safely, may depend on the type of medication be- 
ing disseminated and the needs of a particular user/pa- 
tient. 

[001 4] Other forms of user inputs alternatively, or ad- 



ditionally, may be provided to direct operation of the in- 
haler, or otherwise facilitate communication between 
the user (or health care professional) and the controller 
(or other features of inhaler 10). The controller, for ex- 
ample, may be adapted for communication with a per- 
sonal computer or other device to accommodate initial 
dosage programming of the inhaler, and/or to accom- 
modate appropriate security measures when program- 
ming or using the inhaler. The controller thus may be 
adapted to permit changes in dosage by the user within 
acceptable parameters as determined by a pharmacist 
or prescribing physician as will be described further be- 
low. 

[0015] Fig. 2 is a top view of inhaler 10, showing a 
display 26 which may be, for example, an LCD display 
adapted to display Information to the user. It will be ap- 
preciated, however, that it is not necessary for the dis- 
play to be an electronic display. For example, the display 
may take the form of a mechanical counter, a mechan- 
ical gauge, or some other suitable device. 
[0016] Typically, display 26 is adapted to provide the 
user with dosage information 27, such as the number of 
doses administered and/or the number of doses remain- 
ing in the inhaler. In some instances, however, display 
26 may also be adapted to provide the user with infor- 
mation such as patient name, patient identification 
number, prescribing physician name, prescribing physi- 
cian identification number, type of medication, recom- 
mended dosage, dose regimen, available alterations to 
the recommended dosage and/or dose regimen, etc. As 
will be appreciated, display 26 may be located in any 
convenient location on body 12. Moreover, display 26 
may enable two-way communication between the user 
and the inhaler, for example, through use of a touch 
screen or other device. Thus, display 26 may itself serve 
as a user input, similar to inputs 22 and 24 described 
above. 

[0017] As further shown in Fig, 2, body 12 may be 
shaped to provide gripping regions 28 so as to accom- 
modate the hand and/or fingers of the user. As will be 
appreciated, alternative configurations of inhaler 10 are 
contemplated by the present invention, including those 
more closely resembling traditional L-shaped metered 
dose inhalers, wherein the medicament storage cham- 
ber is located in an upright fashion, generally perpen- 
dicular to the mouthpiece. 

[0018] Turning now to Fig. 3, a somewhat schematic 
fragmentary illustration of one possible interior configu- 
ration of inhaler 1 0 is depicted, the illustration being con- 
fined generally to the vicinity of ejection mechanism 14. 
As previously stated, ejection mechanism 14 is in fluid 
communication with medicament storage chamber 16, 
which may serve to house medicament 38 prior to dos- 
ing. In accordance with its proposed operation, the ejec- 
tion mechanism includes a vaporization region 40, 
which may be configured to accommodate vaporization, 
or atomization, of medicament 38. 
[0019] In the embodiment shown in Fig. 3, vaporiza- 
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tion region 40 includes a plurality of ejection chambers 
42, each In fluid communication with medicament stor- 
age chamber 16, for example, via fluid channels 44. 
Passage of the medicament 38 from the medicament 
storage chamber 1 6 to ejection chambers 42 may be 
either active or passive. For example, ejection of medi- 
cament within an ejection chamber may itself produce 
a vacuum sufficient to draw more medicament into the 
ejection chamber. Alternatively, gravity, or more active 
forms of transportation, including pumps or other me- 
chanical or electronic means may be employed. These 
ejection chambers are also referred to as vaporization 
chambers for reasons which will become apparent upon 
reading further. 

[0020] The ejection chambers are each adapted to re- 
ceive and contain a charge of fluid medicament, as in- 
dicated for example, in uppermost ejection chamber 
42a. This may be accomplished, in part, due to the ge- 
ometry of the ejection chamber, which may lead to for- 
mation of a meniscus 38a adjacent the chamber's ejec- 
tion orifice. The ejection chambers, it will be appreciat- 
ed, open to the inhaler mouthpiece via ejection orifices 
1 8, but typically do not freely pass medicament through 
the orifices due to menisci such as that shown at 38a. 
[0021] Each ejection chamber will be seen to include 
at least one ejection element 46 configured to selective- 
ly controllably eject medicament from within the corre- 
sponding ejection chamber as a vaporized medicament 
droplet. In the present embodiment, the ejection ele- 
ment (also referred to as a vaporization element) takes 
the form of a heating element opposite the chamber's 
ejection orifice. In response to an ejection signal (e.g., 
a predetermined voltage applied across a heating ele- 
ment), the heating element is activated, heating medi- 
cament in the vicinity thereof. Such heated medicament, 
in turn, expands toward the ejection orifice, overcoming 
opposing forces of the meniscus and forcing more distal 
medicament out of the ejection orifice in a predicable- 
size vapor droplet. Such ejection is demonstrated in Fig. 
3 in connection with ejection chamber 42b. 
[0022] In ejection chamber 42b, the ejection element 
will be seen to superheat medicament in its vicinity to 
produce a bubble 39 which is shown expanding toward 
the ejection orifice. The advancing bubble, in turn, will 
be seen to urge medicament which was previously with- 
in ejection chamber 42b out through the ejection orifice 
so as to form a vapor droplet 38b. The size and trajectory 
of this ejected vapor droplet may be reliably predicted 
based on the size and shape of ejection chamber 42b, 
as well as the power dissipated in the chamber. 
[0023] As indicated in connection with ejection cham- 
ber 42c of Fig. 3, once a vapor droplet (e.g. 38c) has 
been ejected, and the ejection element deactivated (e. 
g. cooled), medicament may again flow into the ejection 
chamber, effectively filling the ejection chamber with a 
new charge of medicament upon formation of a menis- 
cus adjacent the ejection orifice. 
[0024] Ejection element 46 may take any of various 



fonns, including for example, a resistor capable of inde- 
pendent activation by the inhaler's controller. When the 
resistor of a particular ejection chamber receives an 
electronic signal from the controller, the resistor may 

5 produce sufficient heat to eject a medicament vapor 
droplet from the corresponding ejection chamber. Such 
chamber activation typically occurs repetitively and in 
rapid succession. Ejection elements 46 may also take 
the form of a piezoelectric transducers. Corresponding- 

10 |y, when the transducer receives an electronic signal 
from the controller, the transducer may produce enough 
voltage to eject medicament from within the ejection 
chamber. In either case, the presently-described me- 
tered dose inhaler is able to produce an inhalant stream 

15 without the use of an aerosol carrier or propellant. 
[0025] Ejection elements may be controlled inde- 
pendently, as alluded to above, or may be controlled in 
groupings or subsets of a full set. By electronically con- 
trolling the rate of ejection element activation, it is pos- 

20 sible to control the rate of medicament ejection, and thus 
the medicament dosage produced by the inhaler. This 
may be accomplished whether the vaporization ele- 
ments are controlled together, or in groupings or sub- 
sets. Similarly, dosage may be controlled by selectively 

25 activating various groupings or subsets of the ejection 
elements, or by some combination of firing rate and 
quantity control. 

[0026] Fig. 4 is a schematic block diagram of a me- 
tered dose inhaler according to one embodiment of the 

30 present invention. As shown, inhaler 10 may include a 
controller 50 adapted to control inhaler 1 0 through elec- 
tronic means, mechanical means, or both. Controller 50 
thus may include a processor 52 and memory 54 con- 
figured to store preprogrammed physician-selected, 

35 pharmacist-selected, and/or user-selected operating 
parameters. Memory 54 may include volatile memory, 
nonvolatile memory, or both. User inputs, such as those 
indicated at 22 and 24 typically communicate with con- 
troller 50, among other things, to provide processor 52 

40 with information/direction regarding the dosage of med- 
icament to be produced. 

[0027] It is to be appreciated that such information/ 
direction may be provided via direct user input (as de- 
picted in Figs. 1 and 2), or may occur via a personal 

45 computer (or other device) configured to facilitate pro- 
gramming of controller 50 by a physician or pharmacist. 
The controller may provide a prescribed dosage or nom- 
inal dosage, and/or may be provided with dosage 
change parameters such as a loading dosage and/or a 

50 dosing regimen set by the physician, pharmacist, or 
manufacturer of the prescribed medicament. Such dos- 
age regimen may be defined by a dosage ramp (linear, 
parametric or otherwise) defining progressive dosages 
(increasing and/or decreasing) for administering in suc- 

55 cessive dosing events. The dosing regimen aiso may be 
defined by a table of dosages, or some other quantifi- 
cation of medicament to be administered (e.g., dosage 
change percentage). The dosage thus may begin at 
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some loading (typically a percentage of the prescription 
dosage), and then increase to the prescription dosage. 
After some predetermined number of dosing events, 
dosage may gradually be decreased. 
[0028] The controller (and/or personal computer) also 5 
may be configured to provide for some form of security 
check prior to programming or dosing. For example, the 
controller may require input of a patient identification 
number, a physician identification number and/or pre- 
scription information, Such information may then be 
compared to information taken from the medication (e. 
g., by reading a barcode on the medication packaging), 
or to information in an associated database, prior to ac- 
cepting any programming change. Programming by the 
physician or pharmacist also may be restricted by pa- 
rameters set by the manufacturer of the prescribed med- 
icament. Similarly, programming and/or dosing changes 
by the patient may be restricted by parameters set by 
the prescribing physician, the pharmacist, and/or the 
manufacturer of the prescribed medicament. 
[0029] Various other input mechanisms also may be 
provided, such as sensor 56, which provides the con- 
troller with information regarding the level of medica- 
ment within medicament storage chamber 1 6. In the de- 
picted embodiment, dosage information as well as other 
desired information may be communicated to display 26 
for selected display. 

[0030] As indicated, controller 50 also may be in elec- 
tronic communication with ejection mechanism 1 4 so as 
to provide controlling direction to vaporization elements 
46. Typically, such direction comes in the form of a trans- 
mission of an electronic signal 58 to one or more vapor- 
ization elements to effect activation of such elements), 
and thus, to effect independently-controlled ejection of 
vaporized droplets of medicament as described with re- 
spect to Fig. 3. The character and frequency of such 
electronic signals may be determined by processor 52 
based on the desired dosage to be produced. The de- 
sired dosage, in turn, may be defined by user input, by 
pre-programmed parameters, or by adaptive controller 
programming as described herein. 
[0031] Accordingly, processor 52 may direct trans- 
mission by controller 50 of a single pulse to one or more 
of the vaporization elements so as to effect a single firing 
of an array of vaporization elements, and correspond- 
ingly, to produce a single array of vaporized droplets of 
medicament. Alternatively, the controller may transmit a 
series of rapid-succession pulses so as to successively 
activate one or more of the vaporization elements, 
thereby producing a longer duration "puff 1 of medica- 
ment vapor droplets than that previously mentioned. 
[0032] Thus, when a user depresses or otherwise ac- 
tivates the activation input 22, processor 52 typically de- 
termines whether the requested dosage is appropriate, 
and if it is, controller 50 sends an appropriate ejection 
signal to at least one vaporization element 46. Upon re- 
ceipt of an ejection signal, each vaporization element 
produces a vaporized droplet of medicament, for exam- 



ple, by generating sufficient heat as described above. 
Typically, the force of the an expanding change of med- 
icament within an associated vaporization chamber is 
sufficient to successfully eject the vaporized droplet of 
medicament from the vaporization chamber. 
[0033] As indicated previously, the duration, intensity, 
and/or other characteristic of the electronic signal may 
be altered to effect changes in the medicament dosage 
and/or ejection characteristic. Processor 52 thus may 
be configured, for example, to determine whether and 
how electronic signai 58 should be altered in response 
to a request from the user to increase or decrease the 
dosage, or dosing regimen. Similarly, processor 52 may 
be configured to determine whether and how to alter 
electronic signal 58 in response to a request from a phy- 
sician, pharmacist or patient to alter permissible dosage 
or dosage regimen. 

[0034] Inhaler 1 0 may further include a power supply 
(not shown). The power supply may be a battery or other 
suitable power supply, whether disposable or perma- 
nent. In some cases it may be desirable for the power 
supply to be a replenishable power supply, such as a 
rechargeable battery. 

[0035] As indicated previously, the metered dose in- 
haler of the present embodiment of the invention may 
be adapted to produce droplets within a consistent size 
range by controlling the effective size and shape of the 
vaporization chambers and ejection orifices, and the 
characteristics of the electronic signals. Because con- 
sistent droplet size can be produced as a function of the 
characteristics of the vaporization chambers, ejection 
orifices and electronic signals, careful selection of the 
vaporization orifice characteristics and/or of the elec- 
tronic signal allows the present inhaler to reliably pro- 
duce droplets having diameters within a desired range. 
The desired diameter may vary depending on the in- 
tended use, and the particular medication, but typically 
is between 5 and 8 micrometers. 
[0036] Fig. 5 is a flow chart illustrating a method of 
administering a medicament to a patient, the method be- 
ing indicated generally at 60. At 62, a medicament dos- 
age is selected. Such dosage may be selected by a pre- 
scribing physician, or by a pharmacist or other health 
professional in accordance with prescribing physician 
instructions (and/or in accordance with the manufactur- 
er/supplier of the medicament). Such dosage may be 
recorded in memory of the inhaler's controller, and may 
be inaccessible to the patient. Alternatively, dosage may 
be selected by user input (e.g., user input 24), and al- 
tered, as needed, by the patient within parameters set 
by the pharmacist, the prescribing physician and/or the 
manufacturer/supplier of the medicament. 
[0037] At 64, the medicament may be exposed to a 
vaporization element, typically by charging a vaporiza- 
tion chamber containing such vaporization element with 
a charge of medicament. The medicament is contained 
in the vaporization chamber, typically by surface adhe- 
sion caused by a meniscus as described above. As will 
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be appreciated, the inhaler typically will include a plu- 
rality of vaporization chambers, each chargeable with a 
charge of medicament and each independently dis- 
chargeable via an associated vaporization element. 
[0038] At 66, electronic signals based on the selected 5 
dosage are transmitted to the vaporization element(s). 
As indicated previously, such electronic signals may 
vary in frequency, destination, and/or characteristic in 
order to achieve the desired dosage as selected above. 
Correspondingly, the frequency, destinations and/or 
characteristics of such electronic signals may be varied 
by the controller in accordance with altered dosage di- 
rectives. 

[0039] The electronic signals activate the respective 
vaporization element(s) at 68. Such activation typically 
includes heating the vaporization element sufficient to 
urge a vaporized droplet of medicament through an or- 
ifice in the corresponding vaporization chamber. Medi- 
cament in the vicinity of the vaporization element typi- 
cally is superheated in response to an electronic signal 
so as to produce a bubble which expands toward an 
ejection orifice, forcing more distal medicament toward 
the ejection orifice. Correspondingly, therefore, at 70, 
medicament may be ejected through the ejection orifice 
(s) in vaporized droplet form such that the user can re- 
spire the vaporized droplet(s) of medicament. 
[0040] Fig. 6 depicts, at 80, one possible method by 
which the controller may alter dosage levels based on 
user input. The controller processor may be pre-pro- 
grammed (for example by a physician or pharmacist) 
with an initial dosage at 82. Correspondingly, the physi- 
cian or pharmacist may pre-program parameters within 
which the dosage may be altered. Such pre-program- 
ming may involve, for example, directly entering pre- 
scription information such as a patient identification 
number, entering a physician identification number, and 
entering a prescription (including dosage, and dosage 
change parameters). This information then may be com- 
pared to related security check information (e.g. read 
from a barcode on the actual medication and/or stored 
within an associated database). If the directly entered 
prescription information is compatible with the indirectly 
entered security check information, the inhaler may be 
configured to perform in accordance with the prescrip- 
tion. If the entered information is not compatible with the 
security check information, the inhaler may be config- 
ured to produce an error message to that effect. 
[0041] When desired, the patient may input or select 
a desired dosage change at 84, for example, by indicat- 
ing whether the user desires the dosage to be increased 
or decreased via a user input such as that shown at 24 
in Fig. 1 . Alternatively, a desired dosage change may be 
selected simply by indicating a desired dosage. To this 
end , the inhaler may provide the patient with input mech- 
anisms to indicate the desired dosage. 
[0042] Once the user has selected the desired dos- 
age, the processor may determine, at 86, whether the 
desired dosage falls within specified acceptable param- 



eters. If the patient's desired dosage is outside of the 
acceptable parameters, the processor may either reject 
the dosage completely at 88 (keeping the original dos- 
age), or change the dosage as much as possible while 
still remaining inside the acceptable parameters at 90. 
If the dosage is not changed, the patient may be so- 
notified as indicated at 92. 

[0043] Once the processor has determined what the 
new dosage should be, the processor may determine 
the ejection signals effective to administer the new dos- 
age, at 94. As explained above, this may be accom- 
plished, for example, by adjusting the frequency of ejec- 
tion signals sent to the vaporization element, adjusting 
the characteristics of the signals sent to the vaporization 
element, and/or adjusting the quantity of vaporization 
elements activated. In addition, as indicated at 96, it may 
be desirable to notify the patient that the dosage has 
been altered and what the current dosage is, for exam- 
ple, via display 26. 

[0044] As will be appreciated, in some circumstances 
it may be desirable to restrict user control over dosage 
beyond certain limits. Thus, the processor may be con- 
figured with various safety parameters. These safety pa- 
rameters may control, for example, the maximum dos- 
age, the minimum dosage, the maximum number of 
doses within a specified time period, and/or the expira- 
tion date of the medication. Each of these parameters 
may be dependent upon the type of medication and the 
patient. These safety parameters may be set during 
manufacture of the metered dose inhaler, or may be in- 
put by a physician or pharmacist prior to dispensing the 
metered dose inhaler to the patient. 
[0045] Alternatively or additionally, the processor may 
be configured to alter the dosage released by the me- 
tered dose inhaler during a dosage regimen. For exam- 
ple, in some cases it may be desirable to gradually in- 
crease or gradually decrease the dosage during a 
course of treatment. In some cases it may be desirable 
to administer a loading dosage, wherein the initial dos- 
age is greater than the remaining dosages. This loading 
dosage may immediately raise the concentration of 
medication in the patent's body to the projected steady- 
state value, and then use the remaining dosage to main- 
tain the steady-state level of medication in the patient. 
Loading dosages are typically used where the physician 
determines that a loading dosage of a particular medi- 
cation does not pose significant risks to the health of the 
patient and where it is imperative that the target level of 
medication in the patient is achieved in a minimum 
amount of time. 

[0046] Fig. 7 is a flow chart demonstrating a method, 
at 1 00, by which a physician or pharmacist may regulate 
a patient's dosing regimen. This information may be pro- 
vided upon pre-programming the inhaler, or subse- 
quently upon recharging the inhaler, or otherwise serv- 
icing the inhaler. The depicted method begins with the 
identification of the prescribed dosage (or nominal dos- 
age) for a given medication at 102, but it will be appre- 
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ciated that the depicted ordering of steps is not required. 
At 104, the physician or pharmacist may select one of 
several options including: a fixed dosage, a loading dos- 
age, or a controlled rate-of-change dosage. If the phy- 
sician selects a fixed dosage, the dosage selection proc- 
ess is complete at 106. If the physician/pharmacist se- 
lects a loading dosage, a loading dosage is identified at 
1 08, and the dosage selection process is complete at 
106. If the physician/pharmacist selects a controlled 
rate-of-change dosage, the physician/pharmacist may 
identify whether he/she desires the dosage to ramp up 
or ramp down at 110. The physician/pharmacist may 
then select either a parametric dosage ramp or linear 
dosage ramp at 1 1 2. If a linear dosage ramp is selected, 
the physician may enter the slope of the ramp at 114. If 
a parametric dosage ramp is selected, the physician/ 
pharmacist may, at 116, enter the selected values for 
the various dosage levels, for example, as percentages 
of the maximum dosage. These values also may include 
a progression of such dosages (e.g., over successive 
dosing events, or over a prescribed time). Once the ap- 
propriate information is entered, the dosage selection 
routine is complete at 1 06. The medication thus may be 
dispensed in accordance with the identified dosages at 
118. 

[0047] As will be appreciated, in some cases it may 
be undesirable to allow the patient to alter the dosage 
of a particular medication. In this case, the inhaler may 
include a lockout mechanism that prevents the patient 
from altering the dosage while still allowing the physi- 
cian or pharmacist to make any necessary changes. For 
example, altering the inhaler regimen may require spe- 
cific software, hardware, etc., available only to physi- 
cians and/or pharmacists. Alternatively password pro- 
tection or other suitable security measures may be em- 
ployed. 

[0048] Furthermore, the processor may be configured 
to take a wide variety of factors into consideration when 
determining the proper dosage. For example, processor 
52 may be configured to determine the medication's 
half -life (possibly entered by the pharmacist or physician 
at the time of pre-programming) and increase dosage 
over time accordingly. Alternatively, processor 52 may 
be configured to determine the patient's past dosing be- 
havior and determine safe levels of increased or de- 
creased dosages when a patient has missed a dosage 
or administered a dosage incorrectly. 
[0049] The present invention provides a metered 
dose inhaler adapted to solve many of the problems 
identified with previously described metered dose inhal- 
ers. The subject matter of the inventions includes all 
novel and non-obvious combinations and subcombina- 
tions of the various elements, features, functions and/or 
properties disclosed herein. Similarly, where the claims 
recite "a" or "a first" element or the equivalent thereof, 
such claims should be understood to include incorpora- 
tion of one or more such elements, neither requiring nor 
excluding two or more such elements. It is believed that 



the following claims particularly point out certain combi- 
nations and subcombinations that are directed to one of 
the disclosed inventions and are novel and non-obvious. 
Inventions embodied in other combinations and sub- 

s combinations of features, functions, elements and/or 
properties may be claimed through amendment of the 
present claims or presentation of new claims in this or 
a related application. Such amended or new claims, 
whether they are directed to a different invention or di- 

10 rected to the same invention, whether different, broader, 
narrower or equal in scope to the original claims, are 
also regarded as included within the subject matter of 
the inventions of the present disclosure. 

15 

Claims 

1 . A metered dose inhaler (1 0) comprising: an ejection 
mechanism (14) including at least one vaporization 

20 chamber (42) configured to contain a medicament 
(38), the ejection mechanism (14) being configured 
to selectively effect controlled ejection of medica- 
ment (38) from the at least one vaporization cham- 
ber (42); and a controller (50) configured to selec- 
ts tively send electronic signals to the ejection mech- 
anism (14) to direct ejection of medicament (38) 
from the at least one vaporization chamber (42), 
such electronic signals being selectively alterable 
to effect change in medicament (38) dosage. 

30 

2. The metered dose inhaler (1 0) of claim 1 , which fur- 
ther comprises an input (24) in communication with 
the controller (50) to identify a dosage of medica- 
ment (38) ejected by the ejection mechanism (14). 

35 

3. The metered dose inhaler (10) of claim 1 , wherein 
the controller (50) is further configured to receive a 
nominal dosage and one or more dosage change 
parameters. 

40 

4. The metered dose inhaler (1 0) of claim 3, wherein 
the one or more dosage change parameters in- 
cludes a permissible dosage, and wherein the con- 
troller (50) is further configured to restrict dosage 

45 change to such permissible dosage. 

5. The metered dose inhaler (10) of claim 3, wherein 
the one or more dosage change parameters in- 
cludes a loading dosage, and wherein the controller 

50 (50) is further configured to direct ejection of the 
loading dosage of medicament (38) in a first dosing 
event followed by ejection of the nominal dosage of 
medicament (38) in a second dosing event. 

55 6. The metered dose inhaler (10) of claim 3, wherein 
the one or more dosage change parameters in- 
cludes a dosing ramp, and wherein the controller 
(50) is further configured to direct ejection of pro- 
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gressive dosages of medicament along such dosing 
ramp in successive dosing events. 

7. The metered dose inhaler (10) of claim 6, wherein 
the dosing ramp is based on medicament (38) half- 
life. 

8. The metered dose inhaler (10) of claim 6, wherein 
the dosing ramp is a look-up table of dosages to be 
administered. 

9. The metered dose inhaler (1 0) of claim 6, wherein 
the progressive dosages of medicament (38) along 
such dosing ramp are increasing dosages. 

10. The metered dose inhaler (10) of claim 1 , wherein 
the controller (50) is further configured to receive 
prescription information for comparison to security 
check information, and to restrict changes in medi- 
cament (38) dosage based on such comparison. 20 
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